Summary Regional frequency analysis based on the method of L-moments is performed from annual maximum series of extreme precipitation intensity to update Intensity-DurationFrequency (IDF) curves for the city of Trondheim. The main problems addressed are (1) reduction of uncertainties of different sources for reliable estimation of quantiles: (i) testing of trend patterns and stationarity of the data series from the target site and demonstrating the dependency of results on the data used; (ii) testing regional homogeneity of extreme precipitation events for the climate regime in the study area and "pooling" of regional data for data augmentation and reduction of uncertainty due to short length of data series; and (iii) selection of distributions for extreme precipitation events of different durations to reduce the uncertainty due to choice of distributions; and (2) (1) significance tests for trend patterns and stationarity are dependent on the data series used but the stationarity assumption is valid for the data series used from the target site. (2) the extreme precipitation events from four sites in Trondheim are homogeneous and can be "pooled" for regional analysis; (3) different types of distributions fit to extreme precipitation events of different durations which shows that thorough selection of distributions is indispensable rather than fitting a single distribution for the whole durations; (4) interval estimates from balanced bootstrap resampling indicated that there is huge sampling uncertainty in quantile estimation that needs to be addressed in any frequency analysis; and (5) large differences are observed between the IDF curves from this study and the existing IDF curves (i.e. Imetno). The IDF 2 curves from this study are from data augmented through regional analysis, based on thorough procedures for selection of distributions and also include uncertainty bounds and hence are more reliable than the existing one. Hence, the methods and procedures followed in this study are expected to contribute to endeavors for estimating reliable IDF curves.
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Introduction

26
Frequency analysis of extreme precipitation events of different durations have long been 27 used for the estimation of extreme quantiles corresponding to return periods of interest.
28
Estimated quantiles are summarized in the form of IDF curves from which design storm 29 hyetographs can be derived. The information is then useful for the design and management of 30 urban drainage infrastructure, bridges, spillways, risk analysis for landslide hazards, etc.
31
However, due to the prevalence of extreme precipitation events and vulnerability of urban for reliable analysis of extreme precipitation events with uncertainty bounds and procedures 36 for routine updating. Therefore, reliable estimation of quantiles and derivation of design storm 37 hyetograph are required to reduce prediction uncertainty and hence to reduce the costs 38 associated with either spillover or over design.
39
For sites with sufficient record length as compared to the return period of the extreme 40 precipitation quantile of interest, at-site frequency analysis can be employed. But some sites 41 are not gaged at all or long historical records are not usually available to be able to make 42 reliable prediction of extreme quantiles for larger return periods. Hence data augmentation 43 from the regional observations is performed by utilizing extreme precipitation intensity 44 records in a region. This regional frequency analysis is based on delineation of hydrologically 45 homogeneous sites in the region and can also be useful to characterize the spatial relationships 46 of extreme precipitation events and to study the regional patterns of climatic variability or 47 change besides its main purpose of data augmentation. Annual maximum series rather than partial duration series (peaks over thresholds) method 
Objectives of the study
176
The limitations which are stated above need to be addressed for improved predictions to intensity data from four stations are "pooled" for regional analysis for this study (Table 1) .
209
The mean annual precipitation from the existing metrological stations in the city ranges from 
Non-parametric test: Mann-Kendall test
229
The non-parametric Mann-Kendall test (Mann, 1945; Kendall, 1975 Wallis (1990; 1993; 1997) , Burn (1988; and Martins and Stedinger (2002) 257 demonstrated the importance of using regional information for frequency analysis of extreme 258 hydrological events.
259
L-moments and L-moment ratios
260
Let X be a real-valued random variable with cumulative distribution F(x), quantile 261 function x(F) and probability distribution function f(x) or dF(x). For a set of ordered data by 
Where, 
L-moment ratios are independent of units of measurement and are given by Hosking and
278
Wallis (1997) as follows:
and τ 4 is the L-kurtosis. 
282
Estimators of L-moments and L-moment ratios
Where, V 1 is the standard deviation of the at-site sample L-CVs weighted based on record 
392
And, for each candidate distribution, the goodness-of-fit measure is given by Where, α = ½ of the significance level.
459
The procedures for balanced bootstrap resampling based on regional L-moment parameter 
Results
482
Since the annual maximum precipitation intensity data series from the other sites 483 considered are short and/or don't include recent extremes (Table 1) , only the data series for patterns. For the target site, the data used for the analysis of extreme precipitation can be said 490 to be stationary ( Fig. 2 and 3 ) and hence stationary frequency analysis is valid.
491
For this study, no site has appeared to be discordant based on the discordancy measure H-values range from -1.75 to 1.22.
494
Results for the selection of statistical distribution are given in Table 2 www.eklima.no and labeled as Imetno in Fig. 10 and 11) , from the quantiles estimated from 510 regional analysis in this study are given in Table 3 . The differences in quantile estimates from 511 this study as revealed from the 95% confidence bounds range from -32.9 % to +25.1 % for a 512 return period of 2 years and rises to -43 % to +31% for a return period of 100 years. The 513 percentage differences in the existing IDF quantiles and the quantiles estimated from this 514 regional analysis ranges from +25.8 % for a return period of 2 years to -40 % for a return 515 period of 100 years. 
Discussion
518
Trend pattern and stationarity
519
The varying starting periods used for trend tests help to identify the start year of 520 significant trend patterns. The fixed end period is used since the objective is to assess the (Fig. 2 and 3) . Therefore, based on the analysis of data series from the target 527 site, stationarity assumption is valid and L-moments based frequency analysis can reasonably 528 be applied.
529
Discordancy test and homogeneity tests based on H-statistics
530
All the H-values are less than one for durations of 5 min. to 120 min. which shows that 531 the region is "acceptably homogeneous" and the H-value is slightly greater than one and less 532 than two (H 1 = 1.22) for duration of 180 min. which shows that the region is " possibly 533 heterogeneous". Therefore, the data used from the study region can be "pooled" based on the 534 criterion presented by Hosking and Wallis (1997) Type I (EV1) or Gumbel distribution for the whole durations of extreme precipitation events.
554
The EV1 (Gumbel) distribution is the special case of the Generalised extreme value (GEV) 555 distribution when the shape parameter is zero ('k' = 0). But the tail behavior of a distribution 556 is largely influenced by its shape parameter(s). In the contrary reliable prediction of the rare 557 extreme quantiles of higher recurrence intervals, which are located at the tails of a distribution 558 are of main interest to minimize the risks pertinent to the occurrence of extreme events.
559
Despite its drawbacks, the Gumbel distribution is usually appealing to hydrology practitioners 560 and for teaching purposes due to its simplicity in parameter estimation by the method of 561 moments, method of maximum likelihood, and L-moments.
562
The same at-site data for Risvollan as the present study was used by the Norwegian from varying start years and also that include recent extremes should be followed and general 587 conclusion on the stationarity of the data need to be drawn with caution. 
